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The Aurora Subglacial Basin (ASB) contains an estimated 3.5 m of global sea-level 
equivalent ice volume and is primarily drained by the Totten Glacier system, which terminates at 
the Sabrina Coast, East Antarctica. Thinning and retreating of the Totten Glacier indicate that 
this region is highly susceptible to oceanographic and atmospheric warming. The paleoclimate 
reconstruction of these changes, conducted in the context of this MS thesis, will improve 
understanding of East Antarctic Ice Sheet (EAIS) dynamics in this sensitive system. A recent 
study used seismic and sediment core data to document a dynamic early evolution of the EAIS in 
the ASB, suggesting that this large ice sheet may not be as stable as previously thought. Our 
study presents new high-resolution palynological data from NBP 14-02 jumbo piston cores (JPC) 
JPC-54 and JPC-55, which enable reconstruction of regional vegetation and environments during 
EAIS development. The newly described Sabrina Flora is dominated by angiosperms, with 
Gambierina (G.) spp. often exceeding 40% of the assemblage. Diverse Proteaceae, Battenipollis 
spp., Forcipites spp., Nothofagidites spp., fern and conifer palynomorphs are also notable in the 
assemblage. Because of pristine preservation and the frequent occurrence of Gambierina spp. 
clusters, the majority of the Sabrina Flora assemblage is interpreted as being 
penecontemporaneous with sedimentation. Biostratigraphic results indicate JPC-55 and JPC-54 
are latest Paleocene and early-mid Eocene sediments (respectively) with likely contributions 
from reworked mid-Cretaceous marine deposits. Biomarker evidence of plant wax n-alkanoic 
acid yields average ẟ13C30 values of -30.2±0.5‰ (JPC-54 only), consistent with open canopy 
woodland or shrubby tundra. ẟD30 values were stable across JPC-54 and 55 with a mean -
215±4.5‰. A fractionation of ~-100‰ indicates ẟDprecip of -128‰, slightly more positive than 
coastal snow in the same region today, suggesting sourcing of plant biomarkers from close to the 
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coast. Integration of biomarker and palynological results suggests the abundance of Gambierina, 
Battenipollis and Proteaceae could be consistent with a drier, more open type of coastal 
vegetation rather than the closed rainforest vegetation often envisaged for Paleocene-Eocene 
Antarctica. Therefore, the Sabrina Flora provides new insight to paleoenvironment and 






The East Antarctic Ice Sheet (EAIS), which contains 53 m of global sea level equivalent, 
is one of the largest potential contributors to modern sea level rise, yet it remains largely 
understudied (Fretwell et al., 2013; DeConto & Pollard, 2016). The Aurora Subglacial Basin 
(ASB), which contains an estimated 3.5 m global sea level equivalent of ice grounded below sea 
level, is primarily drained by the Totten Glacier system, which terminates at the Sabrina Coast, 
East Antarctica (Young et al., 2011; Wright et al., 2012; Greenbaum et al., 2015). Recent studies 
have shown bathymetry underlying the Totten Glacier to allow direct access of relatively warm 
Circumpolar Deep Water (CDW) to the marine-terminating ice (Greenbaum et al., 2015). The 
presence of CDW makes the Totten Glacier particularly susceptible to rapid melt due to ocean 
forcing (Williams et al., 2011; Li et al., 2015; Rintoul et al., 2016; Silvano et al., 2016, 2017; 
Nitsche et al., 2017; Roberts et al., 2017). This effect is predicted to increase in the next century 
as atmospheric warming causes the southern hemisphere westerly winds to intensify and push 
CDW onto the continental shelf along the Sabrina Coast (Swart and Fyfe, 2012; Greene et al., 
2017). Presently, basal melting rates of the Totten Glacier, Sabrina Coast have been identified as 
among the fastest of the EAIS (Pritchard et al., 2009, 2012; Flament and Rémy, 2012; Rignot et 
al., 2013, 2019; Li et al., 2015). Recorded recent thinning of the Totten Glacier (Khazendar et al., 
2013; Miles et al., 2013) suggests a strong potential for sea-level rise of global consequences 
within the next few decades. Understanding the development and evolution of the EAIS, 
particularly with respect to the Totten Glacier System, is essential to predicting the future of the 
EAIS in the face of modern, anthropogenic climate change.  
To improve understanding of EAIS evolution and mechanics, it is necessary to apply a 
paleoclimate perspective. Seismic and sediment core data presented in Gulick et al. (2017) 
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documented for the first time the dynamic early evolution of the EAIS in the ASB, revealing that 
the EAIS underwent at least 11 glacial advances and retreats during the Oligocene and Miocene, 
thus suggesting that this large ice sheet may not be as stable as previously thought.  
This palynological study provides additional insights about the paleoclimate and 
vegetation of this nearshore Cenozoic section of an understudied area of East Antarctica. It 
increases the resolution of biostratigraphic and palynological analyses from Gulick et al. (2017) 
and Smith et al. (2018) and, in combination with geochemical proxies, contributes novel paleo-
vegetation analyses for environmental reconstruction during the early history of the EAIS. 
Detailed palynological analysis contributes to the palynologic archive for the Sabrina Flora, 
suggests environmental significance for several palynomorphs with unknown botanical affinities 
and provides new insight to climate during the onset of glaciation in East Antarctica. 
Additionally, through the analysis of post-glacial sediments, this study provides insight to 




The Wilkes Land Margin formed due to rifting of Antarctica from the Australian margin 
in the mid-Cretaceous (Cande, 1982) and is currently located from longitude 100° to 160°E 
along the East Antarctic margin (Figure 1). Post-rift sedimentation has resulted in numerous 
large, deep-sea sediment mounds, as imaged by seismic reflection data, which are particularly 
thick along the Wilkes Land Margin (Close, 2007). The Sabrina Coast (115° to 121°E, 67°S) is 
located along the Wilkes Land continental margin and is the site of the Totten Glacier and 
Moscow University Ice Shelf (Young et al., 2011).  
 
 
Figure 1. Paleogeographic reconstruction for the Australian-Antarctic margins at 50 Ma 
including sedimentary basins. Paleogeographic charts obtained from the Ocean Drilling 




The Totten Glacier and Moscow University Ice Shelf system provides the main drainage 
point for the ASB and sediment collected offshore from this system provides a historical record 
of drainage from the ASB (Close et al., 2013; Fretwell et al., 2013). In 2014, expedition NBP 14-
02 to the Sabrina Coast continental shelf was the first to map the seafloor in this area, as well as 
collect numerous sediment cores and seismic lines. The main objectives of this scientific cruise 
were to conduct a marine geologic and geophysical survey of the region, in combination with 
physical and biologic oceanographic studies, to evaluate both recent and long-term behavior of 
the Totten Glacier and adjacent systems (Leventer et al., 2014). Geologic and oxygen isotope 
data from benthic foraminifera indicate continental ice sheets were present in East Antarctica by 
the early Oligocene (Lear et al., 2000; Zachos et al., 2001; Francis et al., 2009), however, the 
early history of the EAIS prior to this time remains poorly understood. This palynological study 
focuses on the early history of the Totten Glacier system, prior to and during onset of glaciation 







This high-resolution study of terrestrial palynomorphs from the Sabrina Coast is based 
chiefly upon four jumbo piston cores (JPC; JPC-30, JPC-31, JPC-54 and JPC-55) and associated 
data recovered from the continental margin during expedition NBP 14-02 (Figure 2).   
 
 
Figure 2. Bathymetry of Sabrina Coast continental shelf, mapped during NBP 14-02 using a 
Kongsberg EM 120 multibeam system. Locations of JPC-30, 31, 54 and 55 are denoted by 
blue circles. Black line represents seismic line 17 (see Figure 3). Modified from Smith (2016).  
 
 
Seismic imaging of the Sabrina Coast continental shelf during expedition NBP 14-02 
identified three distinct sedimentary packages as Megasequences I-III (MS-I, MS-2, and MS-III) 
(Figure 3). MS-I, which overlies basement rock, contains 620 m of seaward-dipping, low-
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amplitude discontinuous reflectors with two clinoforms indicating periods of high sediment flux. 
A deeply eroded surface separates MS-I and MS-II, indicating that the first grounded ice 
extended onto the continental shelf following deposition of MS-I (Gulick et al., 2017; Montelli et 
al., 2019). MS-II is 675 m thick and contains 10 major erosive surfaces interlayered with open 
marine sediments. These erosive features indicate a minimum of 11 glacial advances and retreats 
occurred during the deposition of MS-II (Gulick et al., 2017; Montelli et al., 2019). A regional 
unconformity distinguishes MS-II from MS-III, with evidence of significant glacial erosion into 
MS-II. Glacial erosion of the seafloor allowed Gulick et al. (2017) to sample exposed sediment 
from upper MS-I and at the base of MS-III.  
As described by Gulick et al. (2017), JPC-54 and JPC-55 were recovered using a 3 m 
barrel and are 121 cm and 170 cm in length, respectively. JPC-54 was recovered at 66.28°S, 
120.67°E from a water depth of 442 m. JPC-55 was recovered at 66.35°S, 120.51°E from a water 
depth of 520 m. Core sites were chosen based on high resolution data from NBP 14-02 seismic 
line 17 (Figure 3), which revealed sub-crops near the seafloor with two significant windows into 
the pre-glacial strata. JPC-54 and JPC-55 were collected above and below a prograding 
clinoform in MS-I, respectively (Figure 3). Coring as such recovered ~22 cm and ~40 cm (in 
JPC-54 and 55, respectively) of late Pleistocene to Holocene glaciomarine sediment (Unit I), 
overlying a partially consolidated, organic-rich interval (Unit II). Unit II in both cores consists of 
black, organic and mica-rich silty sand separated by a clear disconformity, with water content 
and overall magnetic susceptibility decreasing downcore as density increases. In JPC-54, Unit II 
contains sandy silts to gravelly sandy silts, while in JPC-55 Unit II contains a higher proportion 
of sandy silt. Additionally, angular, crystalline and sedimentary clasts are scattered throughout 
JPC-54 (indicated by high magnetic susceptibility) and are interpreted as ice-rafted debris. JPC-
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55 contains a large, spherical, siderite concretion with a 1 cm long plant macrofossil as the 
nucleus.   
Thirteen samples were initially collected from JPC-54 and JPC-55 for a preliminary 
palynological analysis (Smith, 2016; Smith et al., 2018) that focused on providing 
biostratigraphic control for the expedition, with a key focus on dating the newly acquired seismic 
profiles.  That study revealed surprisingly abundant, diverse, and well-preserved terrestrial 
palynomorph assemblage that had the potential to contribute greatly to limited existing 
knowledge of the paleobotanical history of the East Antarctic margin. The assemblage recovered 
was named the Sabrina Flora (Smith et al., 2018). Preliminary analysis showed that the Sabrina 
Flora is dominated by angiosperms, with Gambierina (G.) rudata and G. edwardsii complexes 
often exceeding 50% of the assemblage. In addition, diverse Proteaceae contribute notably to the 
assemblage, along with Battenipollis sectilis, Forcipites spp., Nothofagidites (N.) spp., fern and 
conifer palynomorphs. Smith et al. (2018) also described two new species: Battenipollis sabrinae 
sp. nov. and Gambierina askiniae sp. nov. Because of pristine preservation and the frequent 
occurrence of Gambierina spp. clusters, the majority of the Sabrina Flora assemblage described 
by Smith et al. (2018) is interpreted as being penecontemporaneous to sedimentation. 
Preliminary biostratigraphic results indicated JPC-54 and JPC-55 as latest Paleocene to early-
mid Eocene sediments with likely contributions from reworked mid-Cretaceous marine deposits 
(Smith et al., 2018). This suggested the grounded ice at the base of MS-II arrived to the Sabrina 
Coast continental margin by early-to-middle Eocene (Gulick et al., 2017).  
In addition to conducting a much higher resolution analysis of JPC-54 and JPC-55, this 
study investigates the sedimentary reworking processes along the Sabrina Coast through analyses 
of JPC-30 and JPC-31. These cores were retrieved from the base of MS-III and contain younger, 
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Mio-Pliocene sediments as interpreted by diatom biostratigraphy (Figure 4); the dating of these 
cores helped constrain the glacial advances and retreats observed in MS-II to the Oligocene and 
Miocene (Gulick et al., 2017). JPC-30 was recovered at 66.45°S, 120.33°E from a water depth of 
548 m (Figure 2). JPC-31 was recovered at 66.45°S, 120.34°E from a water depth of 534 m 
(Figure 2). Based on the current knowledge about Antarctic plant evolution, it is believed that 
vegetation essentially disappeared from the Antarctic Peninsula at 12.8 Ma (Anderson et al., 
2011) and around 13.85 from the Dry Valleys (Lewis et al., 2008; Rau, 2017). It is very likely 
that palynomorph production ceased in Wilkes Land following the large-scale glaciation 
evidenced by the seismic profiles. We therefore assume that all palynomorphs observed in JPC-
30 and JPC-31 are not in situ but rather represent reworked sediments. Analysis of reworked 
palynomorphs is useful in understanding sediment transport along the Sabrina Coast and 
provides insight to the type of sediments eroded by ice-sheet advancement as was done by for the 
Siple Coast ice streams in West Antarctica (Baudoin, 2018; Coenen et al., 2019).  









Figure 3. a.) JPC-54 and 55 core locations on seismic line 17 from NBP 14-02. b.) Biostratigraphic age correlations for JPC-54 and 





Figure 4. c.) JPC-30 and 31 core locations on seismic line 13 from NBP 14-02. d.) Biostratigraphic age correlations for JPC-30 and 







Figure 5. Core photos, x-rays, and lithologies for JPC-54, 55, 30 and 31. Palynologic sample 
distribution shown to the right of each core. Unit I is highlighted in red. Unit II is highlighted 







 To quantify absolute abundance of terrestrial palynomorphs and discern palynomorph 
assemblages from JPC-30, 31, 54 and 55, six samples from JPC-30, five samples from JPC-31, 
twenty-three samples from JPC-54 and thirty-four samples from JPC-55 (Figure 5) were 
collected and processed for terrestrial palynomorphs at Global Geolab Limited (Alberta, 
Canada). For each sample preparation, ~5 g of dried sediment was weighed out; the terrestrial 
palynomorph samples were spiked with a known quantity of Lycopodium spores to allow for the 
quantitative assessment of terrestrial palynomorph concentrations. Acid soluble minerals 
(carbonates and silicates) were digested in HCl and HF. A controlled oxidation followed by 
rinsing to neutrality was performed. Residues were concentrated by filtration on a 10 μm mesh 
sieve.  
The 68 total samples in JPC-30, 31, 54, and 55 were observed using an Olympus BX41 
microscope with 60x and 100x oil immersion lenses.  A minimum of 300 terrestrial 
palynomorphs were counted per sample, using a snaking transect method. In samples with 
extremely low abundances, the entire slide was analyzed. Lycopodium spores were counted 
during that process as well. A database was prepared of all palynomorphs recovered and key 
species were documented photographically using a Q-Color 5 Olympus camera system with Q-
Capture (3.1.1) software (Appendix A). Taxonomic evaluation of palynomorphs utilized 
established literature (e.g. Cookson, 1950; Cookson and Pike, 1954; Couper, 1960; Stover and 
Partridge, 1973; Jarzen and Dettmann, 1992; MacPhail and Truswell, 2004; Hou et al., 2006; 
Truswell and MacPhail, 2009; Raine et al., 2011; Pross et al., 2012; and Contreras et al., 2013; 
Smith et al., 2018) and collections curated at the Louisiana State University Center for 
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Excellence in Palynology (CENEX). Shannon Diversity Index (H) was calculated as: (H) = - ∑ 
pi ln(pi), where pi is the proportion of individuals belonging to the ith species in the dataset. 
Biostratigraphic analysis was conducted using assemblage data collected as described 
above. Age correlations were made using known age ranges of all pollen and spore species 
recovered. Because there is limited palynostratigraphic data from the East Antarctic margin, age 
constraints from southern Australian and New Zealand basins (e.g., Stover and Partridge, 1973; 
Jarzen and Dettmann, 1992; Partridge, 2006), the Antarctic Peninsula (e.g., Francis et al., 2009; 
Warny and Askin, 2011; Warny et al., 2019), and McMurdo Sound erratics (e.g., Askin, 2000; 
Francis, 2000; Levy and Harwood, 2000) are also incorporated.  
All terrestrial palynology counts can be found in Appendix B.  
 
Biomarkers 
 Isotopic analysis of plant wax n-alkanoic acids was performed by Emily Tibbett and Dr. 
Sarah Feakins at University of Southern California. Eleven samples from JPC-54 and 55 were 
freeze-dried and weighed for extraction via an Accelerated Solvent Extraction (ASE 350, 
Dionex) using a 9:1 Dichloromethane (DCM) to methanol (MeOH) mixture (v/v). Total lipid 
extract was separated into neutral and acid fractions via column chromatography through LC-
NH2 gel (columns were 5 cm x 40 mm Pasteur pipette with NH2 sepra bulk packing) using 2:1 
DCM:isopropanol and 4% formic acid in diethyl ether to separate out the neutral and acid 
fraction respectively. The neutral fraction was separated via column chromatography using 5% 
deactivated silica gel with hexane, DCM, and MeOH yielding the n-alkanes in the hexane 
fraction. The acid fraction, containing the n-alkanoic acids, were methylated using 95% MeOH 
of a known isotopic composition with 5% hydrochloric acid for 12 hours at 70°C. The fatty acid 
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methyl esters (FAMEs) were separated using 2:1 hexane:MilliQ water (v/v) and dried by passing 
through anhydrous sodium sulfate. The hexane fraction was separated using silica gel column 
chromatography with hexane and DCM, with DCM containing the FAMEs. Both n-alkanes and 
FAMEs were dissolved in hexane for compound identification and quantification via GC/MS. 
Concentration of C16:30 n-alkanoic acids and the ACL (average chain length) and CPI 









For ACL and CPI, n represents n-alkanoic acid chain length ranging from 24-30. Cn is the 
abundance (ng/gdw).  
Compound specific isotope analysis was performed using a gas chromatography isotopic 
ratio mass spectrometer (GC-IRMS) using a Thermo Scientific Trace gas chromatograph 
connected to a Delta V Plus mass spectrometer via an Isolink combustion furnace at 1000°C for 
ẟ13C and a pyrolysis furnace at 1400°C for ẟD. The peak amplitude was 1-7 V. ẟ13C linearity was 
recorded each day and had an average standard deviation of 0.042‰. H3 factor was recorded 
every day with an average value of 9.518±0.377 ppm mV-1. Samples were normalized to Vienna 
Pee Dee Belemite (VPDB) and Vienna Standard Mean Ocean Water/Standard Light Antarctic 
Precipitation (VSMOW/SLAP) by an external standard mixture of 16 n-alkanes with ẟ13C values 
that range from -25.9 to -33.7‰ and ẟD values from -17 to -256‰ (A6 mix obtained from A. 
Schimmelmann, Indiana University).  Corrections were made for the methyl group added during 
methylation for the n-alkanoic acids (ẟ13C of -24.7±0.2‰ and ẟD of -186.9±3.7‰) by mass 




Statistical analyses on palynomorph abundance and assemblage data was conducted using 
PAST v. 2.17c freeware (Hammer et al., 2001). Stratigraphically-unconstrained and 
stratigraphically-constrained analyses using the Bray-Curtis similarity index and Correspondence 
Analysis (Legendre and Legendre, 2012) were used to examine changes in palynomorph 
assemblages between and among the four cores. Similarity Percentage analysis (SIMPER; 
Clarke, 1993) also based on the Bray–Curtis similarity matrix was used to determine which taxa 






 In JPC-54 and 55, Unit II contains abundant, well-preserved palynomorphs in high 
abundances ranging ~5,000-19,000 palynomorphs per gram of dried sediment with a minimum 
of 62 species present. The assemblage is dominated by angiosperms, with Gambierina (G.) spp. 
often exceeding 40% of the assemblage. Diverse Proteaceae, Battenipollis (B.) spp., Forcipites 
spp., Nothofagidites spp., fern and conifer palynomorphs are also notable in the assemblages. 
Low abundances of reworked Cretaceous and Permian palynomorphs are observed, including 
Cicatricosisporites lubrooki, Granulatisporites sp., and Leiotriletes directus. Clusters of 
Gambierina spp., Battenipollis spp., Proteacidites spp., Forcipites sp., and Nothofagidites sp. are 
also observed in both JPC-54 and 55.  
 A UPGMA cluster analysis on a Bray-Curtis similarity matrix with no stratigraphic 
constraint identified four statistically significant clusters (G1, G2, G3, G4) in the complete data 
set from all four cores (Figure 6). Cluster G1 includes all samples from JPC-30 and 31. Cluster 
G2 includes all samples from Unit II in JPC-54. Cluster G3 includes all samples from Unit I in 
JPC 55 and one sample from Unit I in JPC 54. Cluster G4 includes all samples from Unit II in 
JPC-55. The two upper-most samples from JPC-54 Unit I do not fall within any of the 
statistically significant groups. Eighteen of 62 identified taxa explain >80% of the overall 
compositional differences between the four groups. All other taxa individually explain <1.2% 
and together explain <20% of the overall compositional differences between the groups (Table 
1).  
Palynomorph abundance in JPC-55 averages 362 (Unit I) and 10,212 (Unit 2) 
palynomorphs per gram of dried sediment. Diversity in Unit I is notably low (H=1.7) and is 
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significantly higher in Unit II (H=2.8) (Figure 7). A stratigraphically-constrained UPGMA 
cluster analysis on a Bray-Curtis similarity matrix for all samples in JPC-55 reveals three distinct 
groups (55-1, 55-2, and 55-3) which are all statistically different from each other (Figure 8). 
Group 55-1 contains all samples from the lithologic Unit I. The assemblage in Unit I is 
dominated by G. rudata with B. sectilis subdominant. The sample at 49 cm depth did not fall in 
any of the three groups. Groups 55-2 and 55-3 contain all other samples from lithologic Unit II. 
In this unit, G. askinae and B. sabrinae are co-dominant with notable contributions from 
Proteacidites spp. (especially P. parvus), Forcipites spp., B. sectilis, Nothofagidites spp. and 
Gymnosperm pollen, including Podocarpidites spp.  
 Palynomorph abundance in JPC-54 averages 441 (Unit I) and 8,287 (Unit II) 
palynomorphs per gram of dried sediment. Like in JPC-55, diversity in Unit I is notably low 
(H=1.8) and is significantly greater in Unit II (H=2.8) (Figure 9). A stratigraphically-constrained 
UPGMA cluster analysis on a Bray-Curtis similarity matrix for all samples in JPC-54 reveals 
three groups (54-1, 54-2, and 54-3). Group 54-1 is statistically distinct from groups 54-2 and 54-
3 but groups 54-2 and 54-3 are not statistically different from each other (Figure 10). Samples 
from 17 cm and 68 cm depth did not fit any of the three groups. Group 54-1 contains only 
samples from lithologic Unit I. The assemblage in Unit I is dominated by G. rudata with B. 
sectilis subdominant. Groups 54-2 and 54-3 contain only samples from lithologic Unit II. In this 
unit, G. rudata is dominant with notable contributions from Nothofagidites spp. (especially N. 
lachlaniae), Proteacidites spp., B. sectilis, Forcipites spp. and Gymnosperm pollen, including 
Podocarpidites spp.  
 JPC-30 and 31 both contain low abundances of palynomorphs, with concentrations 
averaging 49 and 44 palynomorphs per gram of dried sediment, respectively (Figures 11 and 12). 
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The palynomorph assemblages are somewhat low in diversity (H=2.2 and 2.3, respectively) and 
are statistically indistinguishable from each other (Figure 6). G. rudata dominates in both cores 
with Cyathidites minor and B. sectilis sub-dominant.   
 Because the significant compositional differences between groups in all four cores were 
driven by 18 main taxa (Table 1), a Correspondence Analysis was performed on only those taxa. 
This analysis shows groups G1, 55-1 and 54-1 clearly separated from 55-2, 55-3, 54-2, and 54-3 
(Figure 13). The resulting factorial space shows the driving taxa of this sample distribution along 
each factorial axis (Figure 14). Factorial Axis 1 shows 50.7% of the overall between-sample 
variation is caused by changes in abundance of B. sabrinae and G. askinae versus B. sectilis and 
G. rudata. Groups G1, 54-1 and 55-1 are characterized by high abundances of B. sectilis and G. 
rudata with respect to B. sabrinae and G. askinae. Groups 54-2 and 54-3 are characterized by 
moderate to low relative abundances of B. sectilis and G. rudata. Groups 55-2 and 55-3 are 
characterized by very low relative abundances of B. sectilis and G. rudata with respect to B. 
sabrinae and G. askinae. Factorial Axis 2 shows 21.7% of the overall between-sample variation 
is caused by changes in abundance of B. sectilis, Forcipites stipulatus and Proteacidites parvus 
versus Laevigatosporites ovatus, N. lachlaniae, Liliacidites spp., Proteacidites spp., Arecipites 




Figure 6. UPGMA cluster analysis on a Bray-Curtis similarity matrix with no stratigraphic constraint. Y-axis shows similarity 
between samples. Samples are indicated by JPC#-Unit#-Depth (cm) with JPC-54 shown in blue, JPC-55 in red, JPC-30 in green 






Table 1. Four-group SIMPER analysis with Bray-Curtis similarity matrix conducted for groups G1, G2, G3, and G4. 
Red taxa account for 50.48% of compositional variability between the four groups. Red and blue taxa together explain 
67.67% of compositional variability. Red, blue and green together account for 80.45% of compositional differences 

















Gambierina rudata 15.29 23.00 23.00 12.3 109.00 137.00 33.00 
Battenipollis sabrinae 6.61 9.94 32.94 0.00 7.95 1.00 52.60 
Battenipollis sectilis 6.01 9.04 41.98 4.55 18.00 76.40 11.40 
Gambierina askinae 5.65 8.49 50.48 0.00 9.00 0.82 44.60 
Gambierina edwardsii 3.24 4.87 55.34 0.73 19.70 15.10 23.60 
Podocarpidites spp.  2.66 4.01 59.35 1.82 13.20 3.73 21.30 
Proteacidites parvus 2.50 3.76 63.11 1.55 6.71 21.70 15.30 
Nothofagidites lachlaniae 1.85 2.79 65.89 0.00 14.30 0.09 5.43 
Liliacidites spp.  1.18 1.78 67.67 0.00 9.10 0.00 2.83 
Triporopollenites spp.  1.11 1.68 69.35 0.18 3.95 2.36 7.96 
Gambierina sp. A 1.08 1.63 70.98 0.09 6.14 5.36 6.17 
Trilete cryptogram spores 1.05 1.57 72.55 0.55 8.29 1.18 2.61 
Proteacidites spp.  1.02 1.54 74.09 0.00 8.43 0.00 0.96 
Proteacidites tenuiexinus 0.89 1.33 75.42 1.09 4.05 3.18 6.17 
Tricolpites reticulatus cf 0.87 1.31 76.73 0.18 3.76 0.273 5.61 
Arecipites spp.  0.83 1.15 77.98 0.09 6.81 0.18 0.74 
Laevigatosporites ovatus 0.83 1.24 79.22 0.64 6.62 0.73 3.13 





Figure 7. Palynomorph abundance, Shannon Diversity Index and assemblage data from JPC-55. Relative abundances of G. rudata, 
G. askinae, B. sectilis, B. sabrinae, Forcipites spp., Proteacidites spp., Nothofagidites spp., L. ovatus and Gymnosperms are shown. 




Figure 8. UPGMA cluster analysis on a Bray-Curtis similarity matrix with stratigraphic 
constraint for all samples in JPC-55. Y-axis shows similarity between samples. Sample 






Figure 9. Palynomorph abundance, Shannon Diversity Index and assemblage data from JPC-54. Relative abundances of G. rudata, 
G. askinae, B. sectilis, B. sabrinae, Forcipites spp., Proteacidites spp., Nothofagidites spp., L. ovatus and Gymnosperms are shown. 






Figure 10. UPGMA cluster analysis on a Bray-Curtis similarity matrix with 
stratigraphic constraint for all samples in JPC-54. Y-axis shows similarity between 
samples. Sample depth is shown on X-axis. Group 54-1 is statistically different from 









Figure 12. Palynomorph abundance, Shannon Diversity Index and relative abundance of 
dominant species for JPC-31. 
 
 
Figure 11. Palynomorph abundance, Shannon Diversity Index and relative abundance of 




Figure 13. Correspondence analysis of JPC-30, JPC-31, JPC-54, and JPC-55 assemblages, using only the 18 major taxa driving the 





Figure 14. Factorial space resulting from correspondence analysis shown in Figure 13. Factorial Axis 1 (red) shows 50.7% of the 
overall between-sample variation is caused by changes in abundance of B. sabrinae and G. askinae versus B. sectilis and G. rudata. 
Factorial Axis 2 (green) shows 21.7% of the overall between-sample variation is caused by changes in abundance of B. sectilis, 
Forcipites stipulatus and Proteacidites parvus versus L. ovatus, N. lachlaniae, Liliacidites spp., Proteacidites spp., Arecipites spp., 





Both n-alkane and n-alkanoic acids were detected in Unit II of JPC-54 and 55. The 
chromatograms for the n-alkanoic acids were cleaner and more abundant in comparison to the n-
alkanes which had an uncharacterized complex mixture.  Therefore, only the n-alkanoic acids 
were analyzed for compound specific isotopic work. The concentration of n-alkanoic acids 
ranges from C16:30. The concentrations vary downcore with the concentration of C30-acid ranging 
from 80-1,170 ng/gdw. C30-acid average concentration is 762 ng/gdw for JPC-54 and 163 ng/gdw 
for JPC-55. C30-acid and C32-acid have a different chain length abundance distribution and 
significantly different isotopic values in comparison to C24:28-acid, supporting the use of C30-acid for 
isotope analysis as it is indicative of terrestrial sources (Figure 15). Only terrestrially-sourced 
biomarkers were analyzed for comparison with terrestrial palynomorph data. Based on the 
concentrations detected in the cores, approximately 20 g of sediment was used for compound-
specific isotope analysis.  
The C30-acid has a mean ẟD of -215±4.5‰, ranging from -206 to -220‰ across both JPC-
54 and 55 (Figure 16). The mean isotopic composition can be related assuming a fractionation 
value of -100‰ to a ẟDprecip estimate of -128‰. A net fractionation of -100‰ was determined a 
reasonable approximation for tundra-like environments in other Antarctic margin settings 
(Feakins et al., 2012, 2014). Variations in these values can be contributed to differences in 
elevation, temperature, and distance inland. ẟ13C was not measured in JPC-55 due to a low 
abundance of C30-acid (<230ng/gdw). Downcore ẟ
13C30 values in JPC-54 range from -31.2‰ to -





Figure 15. ẟ13C values isolated by n-alkanoic acid C chain length from JPC-54. Mixed/marine 
vs. terrestrial sources are determined by C chain length. Error bars indicate range of replicate 





Figure 16. ẟD values for the C30 (blue) and C32 (grey) n-alkanoic acids in the JPC-54 (A) and 






 Pristine preservation of palynomorphs in Unit II of JPC-54 and 55 indicates an 
assemblage that has not been heavily reworked. The frequent occurrence of angiosperm 
palynomorph clusters suggests deposition close to the anther of the parent plant, with little 
opportunity for dispersion of individual grains. Therefore, the majority of the Sabrina Flora 
assemblage is interpreted as being in situ, deposited essentially penecontemporaneously with 
sedimentation.  
The Sabrina Flora plant biomarker results show δDprecip is only slightly more positive 
than modern precipitation values from the same region (Masson-Delmotte et al., 2008), 
indicating that they were sourced locally. Therefore, the qualitative palynomorph observations 
and biomarker data from Unit II of JPC-54 and 55 both indicate local sourcing of the 
palynomorphs observed.  
Palynomorphs in Unit I of JPC-54 and 55 as well as in JPC-30 and 31 are found in 
sediments containing Miocene-Pleistocene aged diatoms (Gulick et al., 2017). The low 
abundances of palynomorphs in these units are interpreted as older, reworked material. In the 
correspondence analysis, all of these statistical groups (G1, 54-1, and 55-1) plot overlapping 
each other, indicating they are derived at least partially from the same sedimentary source 
(Figure 13).  These units are all diamictites.  
 
Biostratigraphy 
 The biostratigraphic results from this high-resolution palynologic study agree strongly 
with the findings of Gulick et al. (2017). Palynological biozonation for JPC-54 and 55 is based 
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on a limited number of key species with biostratigraphic constraints provided by previous studies 
from Antarctica, Australia, and New Zealand. Phyllocladidites mawsonii and Laevigatosporites 
ovatus are present in both JPC-54 and 55 and provide a broad age range of Late Cretaceous to 
Eocene (Raine et al., 2011).  
 Nothofagidites lachlaniae is the most commonly observed Nothofagidites spp. in JPC-54 
and 55 and ranges in age from Late Cretaceous to present (Truswell, 1983). N. saraensis is also 
present in both cores and has an age range of 66.043-5.332 Ma according to the Fossilworks 
database (PaleoDB taxon 252680 at http://fossilworks.org/). Microalatidites paleogenicus is 
observed in low abundances in both cores and has an age range of 55.8-11.608 Ma (PaleoDB 
taxon 321781 at http://fossilworks.org/) although Truswell & MacPhail (2009) list M. 
paleogenicus as ranging from Paleogene to Neogene. Proteacidites tenuiexinus is also present 
and has a first appearance datum (FAD) in the late Paleocene in southeastern Australia (Harris, 
1965). Therefore, the presence of these species in JPC-54 and 55 suggest an age not older than 
late Paleocene. 
Gambierina rudata and G. edwardsii are common in both JPC-54 and 55 and are 
commonly described as Cretaceous to Paleocene species. In a study from the East Tasman 
Plateau (ODP Site 1172), Contreras et al. (2014) put the last appearance datum (LAD) of both G. 
rudata and G. edwardsii at the Paleocene/Eocene boundary. In southeastern Australia, G. rudata 
and G. edwardsii range into the Early Eocene (Partridge, 2006). A palynologic study from Prydz 
Bay (ODP Site 1166) extended that range into early to mid-Eocene for East Antarctica 
(MacPhail & Truswell, 2004; Truswell & MacPhail, 2009). Pross et al. (2012) suggest 
Gambierina spp. may have survived longer in East Antarctica than in south Australia due to 
perennially cool climates, even across the Paleocene-Eocene boundary, while Gambierina spp. 
33 
 
parent plants likely went extinct in Australia during the Paleocene-Eocene Thermal Maximum. 
Smith et al. (2018) also discuss extending the age range for Gambierina spp. from the Sabrina 
Flora to the middle Eocene according to the literature cited above and the excellent preservation 
observed in both JPC-54 and 55. Smith et al. (2018) did not extend the age ranges for B. sectilis 
and F. longus due to lack of concrete evidence for reworking. However, this high-resolution 
study observed clusters of both B. sectilis and F. longus, suggesting both are in situ and may 
have survived longer in East Antarctica than in Australia and New Zealand. This supports the 
extended age range for these species proposed by MacPhail & Truswell (2004) based on 
specimens observed at Prydz Bay.  
 
 





Only Nothofagidites cranwelliae and Nothofagidites emarcidus are observed in JPC-54 
and are not observed in JPC-55. Both of these species have FADs in the early Eocene (Raine, 
1984; Greenwood et al., 2003). Therefore, JPC-55 is determined to be Late Paleocene in age and 
JPC-54 is determined to be early to mid-Eocene (Figure 17).  
Because the palynomorphs observed in JPC-30 and 31 and Unit I of JPC-54 and 55 are 
interpreted to be reworked, a biostratigraphic age determination is not provided here. The 
reworked palynomorph assemblage is comprised of a subset of the in situ assemblages observed 
in Unit II of JPC-54 and 55.and are likely representative of erosion and sedimentary reworking 
from sections of similar ages.  
 
Paleo-precipitation 
Water supply is the dominant factor affecting carbon isotope fractionation in leaf waxes 
with secondary effects due to atmospheric CO2, different photosynthetic pathways and plant 
function types (Diefendorf et al., 2010). As C4 photosynthesis did not evolve until the Oligocene 
(Sage, 2004), the photosynthetic pathway effect is ignored here. ẟ13C30 values from JPC-54 are 
relatively depleted compared to the global distribution of modern ẟ13C from leaf waxes, 
indicating increased fractionation due to low moisture availability (Diefendorf et al., 2010). 
Therefore, ẟ13C30 values from JPC-54 are consistent with a dry, open landscape.  
The corrected average paleo-precipitation value of δD30 across JPC-54 and 55 (-128‰) is 
slightly more positive than coastal snow in the same region today (-133‰) and equal to modern 
snow values from the Antarctic Peninsula (Masson-Delmotte et al., 2008) (Figure 18). Modern 
coastal precipitation in Antarctica represents the most positive δD in polar regions with the least 
amount of depletion due to continentality and altitude. δD30 in JPC-54 and 55 show little 
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variation from these modern coastal values, indicating that biomarkers from the Sabrina Flora are 
sourced from close to the coast, rather than inland or higher elevations.  
δD is relatively stable across both JPC-54 and 55, suggesting no major change in 
continental, temperature, or precipitation effects at the Sabrina Coast between the Paleocene and 
Eocene (Figure 16). However, the nature of bulk leaf wax analyses and the compounded effects 
of continentality, altitude, temperature and precipitation on δD values may mask small-scale 
changes in paleo-hydrology between the cores (Sasche et al., 2012).  
 
 
Figure 18. Modern δD snow values from the Antarctic continent (‰). ẟDprecip in JPC-54 and 
55 is estimated as -128‰, similar to values found in the Antarctic Peninsula today. From 
Masson-Delmotte et al. (2008).  
 
 
Environmental Reconstruction  
 The Sabrina Flora is a unique assemblage, with unusually high abundances of 
Gambierina spp., Battenipollis spp., and Proteaceae (Figure 7, Figure 9). Low abundances of 
Nothofagidites spp. (<10%) make the Sabrina Flora distinct from other Paleocene-Eocene 
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records along the Antarctic margin where Nothofagidites spp. dominate the assemblages (e.g. 
Askin, 1988; Francis et al., 2009; Truswell & MacPhail, 2009; Anderson et al., 2011; Warny & 
Askin, 2011; Contreras et al., 2013). The high abundances of palynomorphs with unknown 
botanical affinities make environmental reconstruction from the Sabrina Flora extremely 
difficult. A study by Dettmann & Jarzen (1988) suggested that Gambierina, Battenipollis, and 
Forcipites may have inhabited a forest environment adjacent to an estuary, but the exact 
botanical affinities of these genera remain unknown.  
 
Late Paleocene 
 Unit II of JPC-55 (groups 55-2 and 55-3), determined to be late Paleocene in age, is 
dominated by G. askinae and B. sabrinae (Figure 7). Notably, both of these species exhibit 
unusually rugulate sculptured exines. Limited research exists on the environmental significance 
of palynomorph morphologies, however, in bisaccate pollen, taeniate or ridged morphology is 
often associated with arid environmental conditions of the late Permian (i.e. Balme, 1995; 
Lindström et al. 1997). Additionally, Warny et al. (2018) observed the same trend in 
Ephedripites pollen observed in Late Cretaceous sections from Tanzania, in which plicate pollen 
with ridged exine structures were consistent with dryer, more arid conditions. Therefore, the 
assemblage dominated by rugulate pollen in JPC-55 Unit II could indicate strongly arid 
conditions in the late Paleocene.  
 Spore abundances are relatively low (3.2-9.5%) in Unit II of JPC-55, suggesting a 
moderately dry environment. Additionally, low abundances of Nothofagidites spp. have been 
previously correlated with limited plant moisture availability (Grenier et al., 2013). In 
combination with biomarker data, the palynomorph assemblages observed here could be 
37 
 
consistent with a drier, more open type of coastal vegetation rather than the closed rainforest 
vegetation that is often envisaged for Paleocene-Eocene Antarctica.  
 The Paleocene section of JPC-55 is also distinct from JPC-54 in the abundance of P. 
parvus, B. sectilis and F. stipulatus as compared to L. ovatus, N. lachlaniae, Liliacidites spp., 
Proteacea, and Arecipites spp. (Figure 14). P parvus contributes on average 4.7% of the 
palynomorph assemblage in Unit II of JPC-55 as compared to 1.0% in JPC-54. Correspondence 
analysis shows B. sectilis and F. stipulatus, which have unknown botanical affinities, likely 
inhabited similar environments to P. parvus which typically indicates open, shrubby 
environments (Bowman et al., 2014). Therefore, the Paleocene assemblage described herein, in 
combination with biomarker data, likely represents a dry, shrubby tundra environment.  
 
Early-Mid Eocene 
The Eocene assemblage in JPC-54 differs strongly from the Paleocene assemblage in 
JPC-55 as it is dominated by G. rudata (Figure 9). This species exhibits a smooth exine 
structure, as compared to the rugulate species which dominate in the Paleocene assemblage. This 
could indicate a shift from more arid conditions in the late Paleocene to less arid conditions in 
the Eocene. Spore abundances are relatively low (4.6-15.7%) in Unit II of JPC-54, although 
slightly higher than in JPC-55 Unit II, suggesting a slight increase in moisture availability. 
Abundances of Nothofagidites spp. are also slightly higher than in JPC-55, although still 
relatively low compared to other Eocene Antarctic sites. Therefore, conditions along the Sabrina 
Coast may have been slightly more humid in the Eocene as compared to the Paleocene. 
However, biomarker data and low abundances of spores and Nothofagidites spp. suggest that 
even in the Eocene, conditions were still relatively dry.  
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The Eocene assemblage of JPC-54 contains notably higher abundances of N. lachlaniae 
(4.6%) compared to the Paleocene assemblage (1.7%). Correspondence analysis and factorial 
space show N. lachlaniae plotting together with L. ovatus, Liliacidites spp., Proteacea, and 
Arecipites spp. (Figure 14). This correlation could be indicative of a complex open forest 
environment containing relatively high abundances of both overstory (i.e. Nothofagus, 
Arecipites) and understory (i.e. ferns, including L. ovatus) vegetation. In JPC-54 Unit II, the 
average δ¹³C value for terrestrially-sourced plant wax alkanoic acid biomarkers, -30.2±0.5‰, is 
consistent with either an open canopy woodland or shrubby tundra environment (Figure 15), 
however, palynological data suggest the former. Therefore, the in situ Eocene assemblage in 
JPC-54 may indicate a more open canopy forest environment with increased moisture 
availability compared to the shrubby tundra landscape of the late Paleocene assemblage in JPC-
55.  
Sedimentologic analysis of JPC-54 reveals the presence of ice-rafted debris (IRD), 
indicating that marine-terminating glaciers existed at the same time as deposition of the Sabrina 
Flora (Gulick et al., 2017). The co-existence of glaciers and an ecosystem with highly diverse 
vegetation could be indicative of an environment similar to modern-day Patagonia or southern 
New Zealand.  
 
Miocene to Pleistocene 
 The sediments from JPC-30 and 31 as well as Unit I of JPC-54 and 55 range in age from 
Miocene to Pleistocene and therefore represent sedimentation after expansion of the EAIS to the 
Sabrina Coast (Gulick et al., 2017). The reworked palynomorphs in these sections indicate 
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Paleocene-Eocene sediments, similar to those observed in Unit II of JPC-54 and 55, were 
transported by glacial erosion and reworked into younger sediments.  
 
Paleo-Environmental Gradient 
The Sabrina Flora is most similar to Eocene palynomorph assemblages from the 
Tasmanian margin (Truswell, 1997) and Eucla Basin (Hou et al., 2016) (Figure 1), which also 
exhibit notably high abundances of angiosperm pollen (>50%) and low abundances of 
Nothofagidites spp. (<15%). However, the Sabrina Flora is starkly different from Eocene records 
from Prydz Bay and Wilkes Land Site U1356. At Prydz Bay, Nothofagidites spp. contribute 
>50% of the palynomorph assemblage in late Eocene sediments and in combination with high 
abundances of gymnosperm pollen indicate a closed canopy rainforest environment with a humid 
climate (Truswell & Macphail, 2009). At Wilkes Land Site U1356, dominant Nothofagidites spp. 
and the presence of palm and Bombacoidae pollen in the early Eocene are indicative of a 
paratropical rainforest environment (Pross et al., 2012). In comparison, the Sabrina Flora 
represent an environment which was notably drier in the early to mid-Eocene. The uniqueness of 
the Sabrina Flora from other Antarctic sites indicates a paleo-environmental gradient along East 
Antarctic margin during the Paleocene and Eocene. 
While most of the East Antarctic margin was similar in vegetation and climate to south 
Australia prior to rifting of Gondwanaland, after rifting of the Wilkes Land margin, vegetation in 
much of Antarctica shifted to closed forest environments dominated by Nothofagidites spp. and 
gymnosperms. The similarities between the Sabrina Flora and south Australian sites suggest 
increased north-south oceanic circulation between the Sabrina Coast and southern Australia 
during the late Paleocene and early-mid Eocene, resulting in climatic and environmental 
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similarities between these two regions while other parts of East Antarctica (e.g. Prydz Bay, 
Wilkes Land IODP Site U1356) transitioned to markedly different vegetation. This could be 
explained by local gyres in the Australo-Antarctic basin during the Paleocene and Eocene 
(Figure 19). Therefore, the strong botanical gradient along the Antarctic margin could be the 
consequence of oceanic and climatic conditions prior to full opening of the Tasman gateway and 
the development of strong east-west circulation along the East Antarctic Margin.  
 
 
Figure 19. Possible paleoceanographic trends in the Australo-Antarctic Basin during the 
Paleocene and Eocene, with localized gyres (dashed red lines) promoting north-south 
circulation and climatic similarity between southern Australia and the East Antarctic margin. 






Climate v. Tectonic Forcing 
 The distinct change in vegetative assemblage from late Paleocene shrubby tundra to 
Eocene open canopy forest suggests a change in local climate at that time. However, the question 
remains as to whether the local signal observed here is the result of global climate changes at the 
time, or tectonic processes involved with the early opening of the Tasman gateway. Global δ18O 
fluctuated significantly during the Eocene, with global warming during the Early Eocene Climate 
Optimum, followed by a cooling trend through the mid-Eocene (Zachos et al., 2008). The 
vegetative changes observed in this study could also be reflective of local tectonics and changes 
in ocean circulation. Although the Tasman gateway is not believed to fully deepen until the 
Eocene/Oligocene transition (Kennett, 1977), shallow water connections likely existed much 
earlier. Bijl et al. (2013) suggest that the west-ward flowing Antarctic Counter Current may have 
flowed through a shallow Tasman seaway as early as 49-50 Ma, causing Antarctic cooling to 
begin in the Eocene.  The slight increase in Nothofagidites spp. from JPC-55 to JPC-54 (+3.5%) 
could indicate a shift towards vegetation more similar to other parts of the East Antarctic margin 
and increased plant moisture availability as the Antarctic Counter Current formed, promoting 
east-west circulation along the margin. In order to further investigate this question, improved 
biostratigraphic constraint is necessary, particularly for JPC-54 which could represent climate 
regimes as different as the Early Eocene Climate Optimum or Middle Eocene cooling (Figure 
20).  
 
Onset of Glaciation in East Antarctica 
 Global oxygen isotope data and geologic data from around the Antarctic margin provide 
evidence for a major glaciation event in Antarctica at the Eocene/Oligocene boundary (i.e. Lear 
42 
 
et al., 2000; Zachos et al., 2001; Francis et al., 2009) with causal theories including opening of 
tectonic gateways (Kennett 1977; Lawver & Gahagan, 2003), a decrease in global CO2 (DeConto 
& Pollard, 2003; Pagani et al., 2011) and uplift of the Tibetan Plateau (Raymo & Ruddiman, 
1992). However, eustatic shifts in the Cretaceous and Paleocene (Haq et al., 1987) suggest 
growth in global ice volume prior to the Eocene; several studies have suggested that initial 
glaciation in East Antarctica began as early at the Cretaceous (Miller et al., 1999; Ladant & 
Donnadieu, 2016). Because East Antarctic glaciation most likely initiated in the continental 
interior (Barrett, 1996), the presence of marine-terminating glaciers at the Sabrina Coast during 
the early to mid-Eocene supports the theory that a large volume of ice existed in continental East 
Antarctica prior to the Eocene.  
 
 
Figure 20. Global δ18O signal from benthic foraminifera showing changes in global 
temperature and ice volume throughout the Neogene. Age range of JPC-55 is shown in red. 




 The results presented herein highlight the need for longer, continuous paleoclimate 
records from East Antarctica to improve biostratigraphic constraints and allow observation of 
long-term well-dated climate trends. Additionally, more palynological studies along the East 
Antarctic Margin during the Paleocene and Eocene will provide better context for the 









 Pristine preservation, the frequent occurrence of palynomorph clusters, and biomarker 
data indicate the Sabrina Flora observed in JPC-54 and JPC-55 are in situ. Palynomorph 
assemblage and biomarker data suggest the Sabrina Flora represents an open canopy woodland 
or shrubby tundra environment with the source of plant biomarkers located close to the source 
rather than inland or higher elevations. The uniqueness of the Sabrina Flora assemblage from 
other Paleocene-Eocene sites from East Antarctica indicates a paleo-environmental gradient 
along the East Antarctic Margin at that time. This may represent a period prior to development of 
the westward-flowing Antarctic Counter Current when north-south circulation between the 
Sabrina Coast and southern Australian margin was more dominant than east-west flow along the 
Antarctic margin. Assemblage differences between JPC-55 and JPC-54 suggest a shift in 
vegetation and climate from shrubby tundra in the late Paleocene to open canopy forest in the 
early-mid Eocene. Global climate trends may play a role in this change in vegetation as well as 
potential influence from the opening of the Tasman gateway. This study highlights the need for 
additional longer cores from this region to provide better context and biostratigraphic constraints 






Figure A.1. 1. Biretisporites sp. 2. Stereisporites antiqusporites 3. Stereisporites regium  
4. Triporoletes reticulatus 5. Cicatricosisporites ludbrooki 6. Osmundacidites wellmanii  
7. Cyathidites cf. minor 8. Camarozonosporites sp. 9. Densoisporites cf velatus 10. Trilete 
spore 11. Dictyophyllidites sp. 12. Gleicheniidites senonicus 13. Laevigatosporites ovatus  
14. Ceratosporites equalis 15. Ceratosporites equalis 16. Apiculatisporis sp.  




Figure A.2. 1. Cycadopites sp. 2. Cycadopites sp. 3. Microalatidites paleogenicus  
4. Microalatidites paleogenicus 5. Microcachryidites antarcticus 6. Microcachryidites 
antarcticus 7. Phyllocladidites mawsonii 8. Trichotomosulcites subgranulatus  
9. Podocarpidites sp. 10. Podocarpidites sp. 11. Podocarpidites sp. 12. Trichotomosulcites 





Figure A.3. 1. Arecipites sp. 2. Arecipites sp. 3. Clavatipollenites sp. 4. Liliacidites sp.  
5. Liliacidites sp. 6. Cranwellipollis palisadus 7. Triporopollenites sp. 8. Triporopollenites sp. 
9. Triporopollenites sp. 10. Propylipollis sp. 11. Peninsulapollis gillii 12. Tricolpites cf. 
pachyexinus 13. Tricolpites cf. reticulatus 14. Tricolpites sp. 15. Proteacidites parvus  
16. Proteacidites sp. 17. Proteacidites sp. 18. Proteacidites cf pseudomoides 19. Proteacidites 




Figure A.4. 1. Forcipites sabulosus 2. Forcipites cf. sabulosus 3. Forcipites stipulatus  
4. Forcipites sp. A 5. Gambierina-Forcipites sp. complex 6. Gambierina rudata  
7. Gambierina rudata 8. Gambierina rudata 9. Gambierina edwardsii 10. Gambierina 
edwardsii 11. Gambierina askinae 12. Gambierina askinae 13. Gambierina sp. A  
14. Gambierina sp. 15. Battenipollis sectilis 16. Battenipollis sectilis 17. Battenipollis 




Figure A.5. 1. Nothofagidites lachlaniae 2. Nothofagidites lachlaniae 3. Nothofagidites sp. 
(brassii group.) 4. Nothofagidites emarcidus 5. Nothofagidites saraensis 6. Nothofagidites 
saraensis 7. Nothofagidites saraensis 8. Nothofagidites saraensis 9. Nothofagidites cf. 
cranwelliae 10. Nothofagidites matauraensis 11. Nothofagidites sp. (brassii group)  





Figure A.6. 1. Proteacidites sp. cluster 2. Proteacidites sp. cluster 3. Battenipollis sectilis 
cluster 4. Battenipollis sabrinae cluster 5. Forcipites cf. longus cluster 6. Gambierina rudata 




Table B.1. JPC-55 raw terrestrial pollen counts 
 Depth (cm): 
Taxon: 3 8 10 12 15 18 28 31 33 38 42 49 58 63 67 69 
Aequitriradites spp.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Alisporites spp.  0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 
Arecipites spp.  0 0 2 0 0 0 0 0 0 0 0 6 0 0 0 0 
Battenipollis sabrinae 2 0 0 0 0 0 0 4 4 0 1 49 58 63 47 37 
Battenipollis sectilis 43 51 49 72 92 87 96 97 95 89 69 19 7 9 16 6 
Ceratosporites equalis 5 6 5 0 0 0 4 4 2 3 2 5 5 5 7 9 
Cicatricosisporites ludbrooki 0 0 0 0 0 0 2 0 0 0 1 1 0 0 0 0 
Clavamonocolpites spp.  0 0 0 0 0 0 0 0 0 0 0 5 0 4 1 0 
Clavatipollenites spp.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cranwellipollis palisades 0 0 0 0 0 0 0 0 0 0 0 2 0 0 3 1 
Cyathidites minor 7 5 5 2 5 8 9 6 1 2 4 0 1 0 0 0 
Cycadopites spp.  0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 1 
Dacrydimites praecupressinoides 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 
Dictyophyllidites spp.  0 0 0 3 9 3 4 2 0 4 3 0 0 0 3 4 
Forcipites longus 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 
Forcipites sabulosis 4 4 3 5 0 1 0 3 2 1 0 0 10 4 9 9 
Forcipites stipulatus 5 3 8 2 0 9 17 10 13 7 6 0 0 10 4 9 
Forcipites sp. A 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freshwater spp. 0 0 0 0 0 0 0 0 0 0 0 5 0 0 2 0 
Gambierina askinae 1 3 4 1 0 0 0 0 0 0 0 38 49 45 48 42 
Gambierina edwardsii 18 13 21 16 15 11 6 4 7 21 34 13 32 31 28 34 
Gambierina rudata 92 98 101 138 149 162 155 169 183 128 134 49 20 25 29 31 
Gambierina sp A.  0 3 0 2 16 8 0 3 11 9 7 5 0 4 7 7 
Glaicheniidites senonicus 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 
Granulatisporites spp.  0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Kraeuselisporites spp.  0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Laevigatosporites ovatus 3 0 2 0 0 2 0 0 0 0 1 2 2 3 5 4 
Leotriletes directus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Liliacidites spp.  0 0 0 0 0 0 0 0 0 0 0 11 0 0 4 0 
Microalatidites paleogenicus 0 0 0 0 0 0 0 0 0 0 0 4 0 4 5 1 
Microcachryidites antarcticus 0 0 0 0 0 0 1 0 0 0 0 1 0 4 4 0 
Monoletes cf alveolatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nothofagidites asperus 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Nothofagidites cranwelliae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nothofagidites emarcidus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nothofagidites lachlaniae 0 0 0 0 0 0 0 1 0 0 0 13 1 0 0 0 
Nothofagidites saraensis 0 1 0 2 4 1 5 4 0 2 1 1 9 4 4 2 
Nothofagidites spp.  0 0 0 2 7 0 0 0 0 0 0 0 0 0 0 7 
Osmundacidites wellmanii 0 0 1 0 0 0 1 0 0 0 0 0 2 0 0 0 
Peninsulapollis gillii 1 0 1 0 1 0 0 0 0 0 0 0 2 0 0 0 
Phyllocladidites mawsonii 0 0 0 0 0 0 0 0 0 0 0 0 0 3 1 0 
Podocarpidites spp.  3 4 1 6 5 4 3 7 4 3 1 14 23 9 25 25 
Podosporites parvus 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
Propylipollis spp.  0 0 0 0 0 0 0 0 0 0 0 2 0 0 2 0 
Proteacidites nexinus 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Proteacidites parvus 8 5 0 0 0 0 0 1 0 0 0 0 0 7 1 8 
Proteacidites pseudomoides 0 0 7 15 19 27 58 37 24 19 20 14 0 9 31 19 
Proteacidites subscabratus 0 0 0 0 0 1 2 2 0 0 0 0 8 0 1 0 
Proteacidites tenuiexinus 2 0 0 0 0 0 0 0 1 2 0 0 0 2 2 2 
Proteacidites spp.  0 0 2 1 4 2 3 1 5 7 8 7 0 9 5 1 
Rugulatisporites spp.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stereisporites antiquasporites 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stereisporites regium 6 9 4 7 10 6 11 9 7 5 5 4 7 2 5 6 
Trichotomosulcites subgranulatus 0 0 0 0 0 0 0 0 0 0 0 4 0 0 11 0 
Tricolpites cf fissilis 0 1 0 0 0 0 0 0 0 0 2 0 0 3 1 4 
Tricolpites cf pachyexinus 0 0 0 0 0 0 0 0 0 0 0 10 3 1 0 0 
Tricolpites cf reticulatus 1 0 1 0 0 0 0 0 0 1 0 6 7 5 10 11 
Tricolpites spp.  0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Trilete cryptogram spore 1 2 1 0 0 0 0 2 4 3 0 3 3 0 0 0 
Triporoletes reticulatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triporopollenites spp.  0 0 0 0 6 1 4 5 4 1 5 4 13 21 3 13 
Verrucosisporites spp.  0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 
Unidentified 3 4 0 3 0 2 0 0 0 3 0 8 12 19 16 15 




 Depth (cm): 
Taxon: 72 78 87 92 96 99 103 107 112 117 129 132 138 150 153 159 
Aequitriradites spp.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Alisporites spp.  3 2 0 0 0 0 0 0 0 0 0 0 0 6 0 1 
Arecipites spp.  5 0 0 3 0 0 0 0 1 0 0 0 0 0 0 2 
Battenipollis sabrinae 48 51 59 38 55 39 68 47 46 62 55 75 51 54 54 48 
Battenipollis sectilis 15 11 11 12 11 11 16 20 9 19 15 3 11 8 11 9 
Ceratosporites equalis 5 6 5 6 10 3 6 2 4 3 8 7 8 6 4 7 
Cicatricosisporites ludbrooki 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clavamonocolpites spp.  0 0 0 3 0 0 0 0 1 0 0 0 4 0 0 0 
Clavatipollenites spp.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cranwellipollis palisades 3 0 5 11 4 5 6 6 0 5 0 3 0 7 10 0 
Cyathidites minor 2 1 0 0 0 1 0 0 2 0 0 1 0 0 0 0 
Cycadopites spp.  1 0 0 0 0 2 0 0 4 1 8 5 2 5 3 5 
Dacrydimites praecupressinoides 1 0 2 0 1 1 0 0 0 0 5 4 4 0 0 2 
Dictyophyllidites spp.  0 2 0 5 0 0 2 0 0 3 0 0 0 4 0 0 
Forcipites longus 0 2 0 0 0 3 0 2 2 0 6 3 0 0 1 15 
Forcipites sabulosis 4 4 1 3 0 0 8 5 0 15 5 0 8 9 0 0 
Forcipites stipulatus 3 2 6 1 0 0 2 1 1 0 6 5 0 3 0 0 
Forcipites sp. A 0 0 0 0 0 1 3 1 1 9 4 4 7 0 3 3 
Freshwater spp. 4 0 0 1 0 2 0 0 3 0 0 0 1 0 0 0 
Gambierina askinae 41 42 50 45 37 50 53 53 46 39 47 51 36 39 34 44 
Gambierina edwardsii 16 25 25 19 16 22 19 31 17 30 20 17 29 28 14 28 
Gambierina rudata 28 30 26 29 35 69 21 27 62 27 22 32 32 39 33 41 
Gambierina sp A.  6 4 16 4 4 3 9 6 4 14 6 8 5 5 5 6 
Glaicheniidites senonicus 2 0 0 0 0 0 0 0 0 0 3 0 2 0 1 0 
Granulatisporites spp.  0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 
Kraeuselisporites spp.  0 0 1 1 1 3 0 0 2 0 0 0 0 0 0 1 
Laevigatosporites ovatus 5 3 2 2 2 2 0 1 4 6 4 1 6 4 0 9 
Leotriletes directus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Liliacidites spp.  10 0 0 0 0 3 0 1 1 0 3 2 8 4 0 12 
Microalatidites paleogenicus 3 0 3 9 0 5 0 0 3 0 2 4 12 2 4 10 
Microcachryidites antarcticus 3 0 2 5 3 0 6 5 2 9 4 2 6 3 0 1 
Monoletes cf alveolatus 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 
Nothofagidites asperus 1 1 4 2 3 4 0 0 0 0 1 3 2 1 1 0 
Nothofagidites cranwelliae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nothofagidites emarcidus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nothofagidites lachlaniae 14 15 0 0 1 1 2 0 11 2 7 12 10 0 15 8 
Nothofagidites saraensis 0 0 0 11 2 2 0 0 0 0 0 5 0 1 0 1 
Nothofagidites spp.  0 0 9 0 0 0 8 11 0 11 0 0 0 14 3 0 
Osmundacidites wellmanii 0 0 0 0 0 0 0 0 1 0 3 0 1 0 0 0 
Peninsulapollis gillii 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Phyllocladidites mawsonii 2 1 0 0 0 5 5 3 3 6 1 0 1 1 0 0 
Podocarpidites spp.  18 19 19 31 27 16 19 15 18 23 21 25 23 25 32 17 
Podosporites parvus 0 8 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Propylipollis spp.  1 0 0 0 0 0 2 0 0 3 0 0 2 0 0 0 
Proteacidites nexinus 0 0 4 0 0 0 0 6 0 0 0 0 0 5 0 0 
Proteacidites parvus 2 8 9 0 21 1 0 4 1 1 0 2 2 1 4 4 
Proteacidites pseudomoides 18 0 0 20 9 19 23 14 15 14 16 22 21 16 16 13 
Proteacidites subscabratus 0 0 2 1 0 4 0 0 0 0 1 2 1 2 3 7 
Proteacidites tenuiexinus 0 4 4 1 2 5 6 6 0 0 0 0 2 2 0 1 
Proteacidites spp.  4 6 5 7 8 3 13 9 6 4 11 4 5 15 5 2 
Rugulatisporites spp.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stereisporites antiquasporites 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 
Stereisporites regium 7 5 3 4 8 0 5 2 2 3 6 5 4 0 3 1 
Trichotomosulcites subgranulatus 0 0 6 8 2 3 0 0 6 0 0 0 3 0 0 2 
Tricolpites cf fissilis 2 3 0 2 1 3 1 0 1 2 0 7 7 5 8 3 
Tricolpites cf pachyexinus 1 3 0 0 0 1 0 0 0 0 2 2 0 3 0 0 
Tricolpites cf reticulatus 9 12 12 7 5 0 4 2 3 3 0 4 9 1 7 1 
Tricolpites spp.  0 0 2 0 0 0 1 0 0 5 0 0 0 2 0 0 
Trilete cryptogram spore 7 8 0 3 0 0 6 7 5 2 0 4 7 0 0 0 
Triporoletes reticulatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Triporopollenites spp.  5 10 10 9 13 4 5 2 8 5 11 2 6 3 10 12 
Verrucosisporites spp.  0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Unidentified 6 14 11 15 17 16 15 12 6 17 14 6 19 21 17 8 







 Depth (cm): 
Taxon: 164 168 
Aequitriradites spp.  0 0 
Alisporites spp.  0 2 
Arecipites spp.  0 0 
Battenipollis sabrinae 56 50 
Battenipollis sectilis 4 9 
Ceratosporites equalis 11 3 
Cicatricosisporites ludbrooki 0 0 
Clavamonocolpites spp.  1 0 
Clavatipollenites spp.  0 0 
Cranwellipollis palisades 3 0 
Cyathidites minor 0 0 
Cycadopites spp.  1 0 
Dacrydimites praecupressinoides 0 4 
Dictyophyllidites spp.  4 0 
Forcipites longus 1 0 
Forcipites sabulosis 3 7 
Forcipites stipulatus 4 3 
Forcipites sp. A 0 0 
Freshwater spp. 1 0 
Gambierina askinae 50 46 
Gambierina edwardsii 23 25 
Gambierina rudata 28 23 
Gambierina sp A.  9 5 
Glaicheniidites senonicus 0 4 
Granulatisporites spp.  2 0 
Kraeuselisporites spp.  0 0 
Laevigatosporites ovatus 1 4 
Leotriletes directus 0 0 
Liliacidites spp.  2 4 
Microalatidites paleogenicus 4 3 
Microcachryidites antarcticus 0 0 
Monoletes cf alveolatus 0 2 
Nothofagidites asperus 0 0 
Nothofagidites cranwelliae 0 0 
Nothofagidites emarcidus 0 13 
Nothofagidites lachlaniae 4 0 
Nothofagidites saraensis 14 0 
Nothofagidites spp.  0 0 
Osmundacidites wellmanii 1 0 
Peninsulapollis gillii 0 0 
Phyllocladidites mawsonii 0 1 
Podocarpidites spp.  29 18 
Podosporites parvus 5 0 
Propylipollis spp.  0 0 
Proteacidites nexinus 4 3 
Proteacidites parvus 0 3 
Proteacidites pseudomoides 19 23 
Proteacidites subscabratus 2 0 
Proteacidites tenuiexinus 0 0 
Proteacidites spp.  8 5 
Rugulatisporites spp.  0 1 
Stereisporites antiquasporites 0 0 
Stereisporites regium 2 0 
Trichotomosulcites subgranulatus 0 5 
Tricolpites cf fissilis 2 2 
Tricolpites cf pachyexinus 3 5 
Tricolpites cf reticulatus 11 0 
Tricolpites spp.  3 0 
Trilete cryptogram spore 0 5 
Triporoletes reticulatus 0 0 
Triporopollenites spp.  5 9 
Verrucosisporites spp.  0 0 
Unidentified 15 14 





Table B.2. JPC-54 raw terrestrial pollen counts  
 Depth (cm): 
Taxon: 6 12 17 21.5 27 30 38 43 52 55 58 61 68 72 75 78 
Aequitriradites spp.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Alisporites spp.  0 0 0 3 0 0 0 0 0 0 0 2 0 1 0 0 
Arecipites spp.  0 0 0 12 1 9 3 11 15 6 6 0 10 15 18 5 
Battenipollis sabrinae 4 6  8 6 5 11 13 7 8 18 12 0 5 5 9 
Battenipollis sectilis 13 16 44 15 20 14 22 16 12 17 23 17 0 22 12 15 
Ceratosporites equalis 3 9 3 4 1 4 1 1 5 2 10 4 6 10 15 3 
Cicatricosisporites ludbrooki 0 0 0 2 0 0 0 0 0 0 0 0 7 1 2 0 
Clavamonocolpites spp.  0 0 0 5 8 9 9 11 3 0 7 4 5 8 11 9 
Clavatipollenites spp.  0 0 0 0 0 0 0 4 0 0 0 0 2 0 0 0 
Cranwellipollis palisades 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 2 
Cyathidites minor 0 2 3 0 0 0 1 0 0 0 0 0 2 0 0 0 
Cycadopites spp.  0 0 0 4 0 4 0 3 6 0 8 0 0 3 5 0 
Dacrydimites praecupressinoides 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 3 
Dictyophyllidites spp.  0 0 0 0 0 3 7 0 0 0 0 0 10 3 4 0 
Forcipites longus 0 0 0 5 0 0 0 0 6 0 1 0 0 1 5 0 
Forcipites sabulosis 0 9 0 4 0 4 1 9 2 0 5 0 1 4 13 0 
Forcipites stipulatus 3 0 10 0 3 15 4 3 0 1 0 0 2 0 3 0 
Forcipites sp. A 0 0 0 4 0 0 0 0 3 0 0 0 0 0 0 0 
Freshwater spp. 0 0 0 0 3 0 0 0 0 0 1 0 0 0 0 0 
Gambierina askinae 0 0 1 8 11 9 1 2 4 10 5 21 1 13 0 12 
Gambierina edwardsii 9 14 24 20 12 9 21 25 19 20 8 22 46 8 36 16 
Gambierina rudata 59 75 223 92 103 102 114 94 118 120 96 119 78 110 90 116 
Gambierina sp A.  4 0 9 5 5 4 4 7 7 5 7 1 19 4 10 5 
Glaicheniidites senonicus 0 0 0 5 5 0 1 5 1 5 6 4 2 2 0 1 
Granulatisporites spp.  0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Kraeuselisporites spp.  0 0 0 3 7 5 2 8 0 0 3 0 1 0 5 0 
Laevigatosporites ovatus 0 0 0 5 5 6 2 6 3 4 9 12 15 10 13 5 
Leotriletes directus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Liliacidites spp.  0 0 0 14 12 14 13 2 14 8 8 16 4 7 0 9 
Microalatidites paleogenicus 0 0 1 4 6 0 0 0 3 0 0 0 1 2 0 2 
Microcachryidites antarcticus 0 0 0 5 3 0 1 10 5 7 2 9 1 3 4 9 
Monoletes cf alveolatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nothofagidites asperus 0 0 0 0 3 0 3 0 0 7 0 2 1 2 0 2 
Nothofagidites cranwelliae 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 
Nothofagidites emarcidus 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 
Nothofagidites lachlaniae 0 1 0 20 16 11 10 10 21 6 16 22 19 14 21 11 
Nothofagidites saraensis 0 0 0 2 0 2 0 0 3 4 1 4 3 0 2 7 
Nothofagidites spp.  0 0 0 1 11 4 2 3 5 2 7 6 1 8 6 5 
Osmundacidites wellmanii 0 0 0 0 0 0 0 0 1 0 0 0 1 0 2 1 
Peninsulapollis gillii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phyllocladidites mawsonii 0 0 0 0 0 4 1 1 3 2 3 4 4 6 1 1 
Podocarpidites spp.  8 13 1 13 0 13 17 8 15 17 18 26 19 16 8 15 
Podosporites parvus 0 0 0 0 14 4 0 0 1 0 0 0 0 0 1 0 
Propylipollis spp.  0 0 0 1 0 1 0 3 0 0 2 0 0 0 0 0 
Proteacidites nexinus 0 0 0 9 4 10 9 10 9 6 19 4 0 11 6 9 
Proteacidites parvus 0 0 0 0 1 0 0 0 0 2 0 5 0 0 0 0 
Proteacidites pseudomoides 0 8 10 5 9 2 8 11 4 9 2 7 12 6 12 8 
Proteacidites subscabratus 0 0 0 0 0 0 0 0 0 0 0 3 3 0 0 1 
Proteacidites tenuiexinus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 2 
Proteacidites spp.  11 9 19 1 4 1 2 5 1 8 1 7 9 2 0 1 
Rugulatisporites spp.  0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
Stereisporites antiquasporites 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Stereisporites regium 6 7 11 0 3 2 3 4 1 3 5 0 4 1 3 2 
Trichotomosulcites subgranulatus 0 0 0 11 5 6 2 1 2 6 4 7 0 0 2 7 
Tricolpites cf fissilis 0 0 0 0 2 2 1 0 1 4 1 0 0 0 3 1 
Tricolpites cf pachyexinus 0 0 0 0 5 0 0 0 0 0 0 0 4 0 0 0 
Tricolpites cf reticulatus 0 0 0 2 9 5 2 2 5 8 7 12 0 1 0 6 
Tricolpites spp.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Trilete cryptogram spore 0 7 0 15 8 3 4 9 16 2 10 9 9 8 18 5 
Triporoletes reticulatus 0 0 1 0 0 0 0 0 0 0 0 1 1 1 2 0 
Triporopollenites spp.  0 3 7 8 0 3 7 8 9 2 3 1 2 11 6 0 
Verrucosisporites spp.  0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 
Unidentified 0 5 1 9 17 16 12 10 16 3 12 10 28 11 20 12 





 Depth (cm): 
Taxon: 85 88 93 96 103 109 113 
Aequitriradites spp.  0 0 1 0 0 0 0 
Alisporites spp.  0 0 0 0 0 0 6 
Arecipites spp.  6 3 2 7 8 4 2 
Battenipollis sabrinae 7 12 5 10 5 11 10 
Battenipollis sectilis 11 19 22 17 13 20 27 
Ceratosporites equalis 2 6 6 3 0 1 4 
Cicatricosisporites ludbrooki 0 0 0 0 0 0 0 
Clavamonocolpites spp.  5 4 9 12 0 7 7 
Clavatipollenites spp.  0 0 0 0 0 0 0 
Cranwellipollis palisades 0 1 0 0 0 0 0 
Cyathidites minor 0 0 0 0 0 0 1 
Cycadopites spp.  9 0 1 1 0 1 0 
Dacrydimites praecupressinoides 0 0 2 0 0 0 0 
Dictyophyllidites spp.  0 0 0 2 2 0 0 
Forcipites longus 0 0 0 0 0 0 0 
Forcipites sabulosis 0 2 0 3 1 0 0 
Forcipites stipulatus 0 0 0 1 0 0 0 
Forcipites sp. A 1 0 0 0 8 0 0 
Freshwater spp. 0 0 0 0 1 0 0 
Gambierina askinae 10 12 7 10 17 15 20 
Gambierina edwardsii 27 15 16 13 28 21 7 
Gambierina rudata 60 86 114 97 74 144 138 
Gambierina sp A.  8 3 3 4 10 2 7 
Glaicheniidites senonicus 8 6 5 0 0 3 4 
Granulatisporites spp.  0 0 0 1 0 0 0 
Kraeuselisporites spp.  6 2 5 1 2 0 4 
Laevigatosporites ovatus 3 6 4 12 7 5 7 
Leotriletes directus 0 0 0 4 0 0 2 
Liliacidites spp.  15 12 7 12 3 11 10 
Microalatidites paleogenicus 4 0 0 0 0 0 0 
Microcachryidites antarcticus 7 5 3 5 0 3 0 
Monoletes cf alveolatus 0 0 0 0 0 0 0 
Nothofagidites asperus 0 0 0 2 0 1 0 
Nothofagidites cranwelliae 0 0 1 0 1 0 1 
Nothofagidites emarcidus 0 0 2 0 0 1 0 
Nothofagidites lachlaniae 17 9 12 14 17 16 19 
Nothofagidites saraensis 2 0 0 0 0 0 0 
Nothofagidites spp.  6 8 0 9 5 6 7 
Osmundacidites wellmanii 0 0 1 0 1 2 0 
Peninsulapollis gillii 0 0 0 0 0 0 0 
Phyllocladidites mawsonii 0 5 5 2 0 2 7 
Podocarpidites spp.  14 13 10 18 7 4 25 
Podosporites parvus 3 0 0 0 0 0 0 
Propylipollis spp.  0 2 0 0 6 0 0 
Proteacidites nexinus 14 16 12 10 0 9 10 
Proteacidites parvus 0 0 0 0 0 0 0 
Proteacidites pseudomoides 9 7 2 2 7 5 4 
Proteacidites subscabratus 0 0 0 0 0 0 0 
Proteacidites tenuiexinus 1 0 0 0 0 0 0 
Proteacidites spp.  4 2 3 4 10 0 1 
Rugulatisporites spp.  0 0 0 1 1 0 0 
Stereisporites antiquasporites 3 0 0 0 0 0 0 
Stereisporites regium 3 3 2 2 0 3 4 
Trichotomosulcites subgranulatus 6 10 4 3 1 9 5 
Tricolpites cf fissilis 1 1 3 2 3 0 1 
Tricolpites cf pachyexinus 1 0 0 0 0 0 1 
Tricolpites cf reticulatus 3 3 7 4 0 0 3 
Tricolpites spp.  2 0 0 0 1 0 0 
Trilete cryptogram spore 14 9 9 4 14 4 4 
Triporoletes reticulatus 0 3 0 1 0 0 0 
Triporopollenites spp.  7 0 4 5 0 0 0 
Verrucosisporites spp.  0 0 0 0 2 0 0 
Unidentified 12 16 15 8 43 9 6 





Table B.3. JPC-30 raw terrestrial pollen counts 
 Depth (cm): 
Taxon: 13 22 32 42 53 59 
Aequitriradites spp.  0 0 0 0 0 0 
Alisporites spp.  0 0 0 0 0 0 
Arecipites spp.  0 0 0 0 0 1 
Battenipollis sabrinae 0 0 0 0 0 0 
Battenipollis sectilis 3 6 12 7 5 4 
Ceratosporites equalis 1 2 1 2 1 2 
Cicatricosisporites ludbrooki 0 2 6 3 1 1 
Clavamonocolpites spp.  0 0 0 0 0 0 
Clavatipollenites spp.  0 0 0 0 0 0 
Cranwellipollis palisades 0 0 0 0 0 0 
Cyathidites minor 0 7 12 8 6 6 
Cycadopites spp.  0 0 0 0 0 0 
Dacrydimites praecupressinoides 0 0 0 0 0 0 
Dictyophyllidites spp.  1 3 4 5 5 4 
Forcipites longus 0 0 0 0 0 0 
Forcipites sabulosis 0 0 0 0 0 0 
Forcipites stipulatus 0 0 0 0 0 1 
Forcipites sp. A 0 0 0 0 0 0 
Freshwater spp. 0 0 0 0 0 0 
Gambierina askinae 0 0 0 0 0 0 
Gambierina edwardsii 0 0 1 0 0 1 
Gambierina rudata 5 17 25 13 14 10 
Gambierina sp A.  0 0 0 0 0 0 
Glaicheniidites senonicus 0 0 0 0 0 0 
Granulatisporites spp.  0 0 0 0 0 0 
Kraeuselisporites spp.  0 0 0 0 0 0 
Laevigatosporites ovatus 0 1 2 0 1 1 
Leotriletes directus 0 0 0 0 0 0 
Liliacidites spp.  0 0 0 0 0 0 
Microalatidites paleogenicus 0 0 0 0 0 0 
Microcachryidites antarcticus 0 0 1 1 0 0 
Monoletes cf alveolatus 0 0 0 0 0 0 
Nothofagidites asperus 0 0 0 0 0 0 
Nothofagidites cranwelliae 0 0 0 0 0 0 
Nothofagidites emarcidus 0 0 0 0 0 0 
Nothofagidites lachlaniae 0 0 0 0 0 0 
Nothofagidites saraensis 1 0 0 0 0 0 
Nothofagidites spp.  0 1 0 0 0 1 
Osmundacidites wellmanii 0 0 1 0 0 0 
Peninsulapollis gillii 0 0 0 0 0 0 
Phyllocladidites mawsonii 0 0 0 0 0 0 
Podocarpidites spp.  0 0 3 5 4 2 
Podosporites parvus 0 0 0 0 0 0 
Propylipollis spp.  0 0 0 0 0 0 
Proteacidites nexinus 0 0 0 1 0 0 
Proteacidites parvus 1 3 2 2 3 0 
Proteacidites pseudomoides 0 0 0 0 0 0 
Proteacidites subscabratus 0 0 0 0 0 0 
Proteacidites tenuiexinus 0 1 3 0 3 0 
Proteacidites spp.  0 0 0 0 0 0 
Rugulatisporites spp.  0 0 0 0 0 0 
Stereisporites antiquasporites 0 0 0 0 0 0 
Stereisporites regium 0 2 6 4 4 3 
Trichotomosulcites subgranulatus 0 0 0 0 0 0 
Tricolpites cf fissilis 0 0 0 0 0 0 
Tricolpites cf pachyexinus 0 0 0 0 0 0 
Tricolpites cf reticulatus 0 1 0 0 0 0 
Tricolpites spp.  0 0 0 0 0 0 
Trilete cryptogram spore 0 0 1 0 0 0 
Triporoletes reticulatus 0 0 0 0 0 0 
Triporopollenites spp.  0 0 0 0 0 0 
Verrucosisporites spp.  0 0 0 0 0 0 
Unidentified 0 3 7 2 0 2 





Table B.4. JPC-31 raw terrestrial pollen counts 
 Depth (cm): 
Taxon: 27 29 32 38 43 
Aequitriradites spp.  0 0 0 0 0 
Alisporites spp.  0 0 0 0 0 
Arecipites spp.  0 0 0 0 0 
Battenipollis sabrinae 0 0 0 0 0 
Battenipollis sectilis 3 2 0 3 5 
Ceratosporites equalis 0 0 1 2 1 
Cicatricosisporites ludbrooki 1 1 1 2 1 
Clavamonocolpites spp.  0 0 0 0 0 
Clavatipollenites spp.  0 0 0 0 0 
Cranwellipollis palisades 0 0 0 0 0 
Cyathidites minor 4 5 4 3 1 
Cycadopites spp.  0 0 0 0 0 
Dacrydimites praecupressinoides 0 0 0 0 0 
Dictyophyllidites spp.  5 3 0 1 1 
Forcipites longus 0 1 0 0 0 
Forcipites sabulosis 0 0 0 1 0 
Forcipites stipulatus 1 1 3 2 0 
Forcipites sp. A 0 0 1 0 0 
Freshwater spp. 0 0 0 0 0 
Gambierina askinae 0 0 0 0 0 
Gambierina edwardsii 1 2 1 0 2 
Gambierina rudata 13 12 6 9 11 
Gambierina sp A.  0 0 0 1 0 
Glaicheniidites senonicus 0 0 0 0 0 
Granulatisporites spp.  0 0 0 0 0 
Kraeuselisporites spp.  0 0 0 0 0 
Laevigatosporites ovatus 1 0 0 1 0 
Leotriletes directus 0 0 0 0 0 
Liliacidites spp.  0 0 0 0 0 
Microalatidites paleogenicus 0 0 0 0 0 
Microcachryidites antarcticus 0 0 0 0 0 
Monoletes cf alveolatus 0 0 0 0 0 
Nothofagidites asperus 0 0 0 0 0 
Nothofagidites cranwelliae 0 0 0 0 0 
Nothofagidites emarcidus 0 0 0 0 0 
Nothofagidites lachlaniae 0 0 0 0 0 
Nothofagidites saraensis 0 0 0 0 1 
Nothofagidites spp.  0 0 0 0 0 
Osmundacidites wellmanii 0 0 0 0 0 
Peninsulapollis gillii 0 0 1 1 0 
Phyllocladidites mawsonii 0 0 0 0 0 
Podocarpidites spp.  0 1 0 2 3 
Podosporites parvus 0 0 0 0 0 
Propylipollis spp.  0 0 0 0 0 
Proteacidites nexinus 1 0 0 0 0 
Proteacidites parvus 1 2 0 2 1 
Proteacidites pseudomoides 0 0 0 0 0 
Proteacidites subscabratus 0 0 0 0 0 
Proteacidites tenuiexinus 0 1 3 1 0 
Proteacidites spp.  0 0 0 0 0 
Rugulatisporites spp.  0 0 0 0 0 
Stereisporites antiquasporites 0 0 0 0 0 
Stereisporites regium 5 4 3 4 3 
Trichotomosulcites subgranulatus 0 0 0 0 0 
Tricolpites cf fissilis 0 0 1 1 0 
Tricolpites cf pachyexinus 0 0 0 0 0 
Tricolpites cf reticulatus 0 1 0 0 0 
Tricolpites spp.  0 0 0 0 0 
Trilete cryptogram spore 1 1 2 1 0 
Triporoletes reticulatus 0 0 0 0 0 
Triporopollenites spp.  0 0 0 0 0 
Verrucosisporites spp.  0 0 0 0 0 
Unidentified 0 3 4 3 3 
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